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© ElartricallY eonductiva coating composition. 

© An electrically conductive coating ~ roposit !°" JJJ 
comprise, (a) • di.per.ion of carbon black or a rn.xtu . of 
carbon black and graphite in an org.n.c solvent and l b) a 
solution of a polymer in an organic solvent, the v.acos.ty of 
SZnvJZ *no higherthan those of the 
and the solution (bl being homogeneous and stable, a 
coating flint formed therefrom having a low volume res.s- 
tivity. 
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ELECTRICALLY CONDUCTIVE COATING COMPOSITION 

The present invention relates to an electrically 
conductive coating composition. 

An electrically conductive coating composition, in 
•which electrically conducting carbon black or a mixture of 
carbon black and graphite is dispersed in a solution of a 
polymer in an organic solvent, has good electrical proper- 
ties and is used as an electrical part material or a con- 
structional material in various fields. 

Generally, the electrically conductive coating 
composition is prepared by mixing powdery carbon black or 
graphite and the polymer homogeneously in the organic 
solvent. It is, however, very difficult to disperse carbon 
black or graphite homogeneously and stably in the polymer 
solution as a composition base, since the specific gravi- 
ties, particle sizes and flowability of the components are 
different. It is also difficult to obtain a coating film 
having a desired volume resistivity with good reproducibil- 
ity. When the dispersion is not homogeneous , an increased 
amount of carbon black or graphite does not proportionally 
decrease the volume resistivity of the coating film. 

There are known various processes for dispersing 
carbon black or the mixture of carbon black and graphite in 
the polymer solution homogeneously including a process which 
comprises mixing the electrically conducting material and 
the polymer with a twin roll or a mixer and mixing the 
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resulting mixture in the organic solvent to obtain a coating 
composition, and a process which comprises mixing the 
electrically conducting material and the polymer in the 
organic solvent with a ball mill to obtain a coating com- 

position. 

in the former process, however, a coating film 
formed from the coating composition is not homogeneous and 
has a high volume resistivity, and the reproducibility is 
bad, since the particle sizes of carbon black and of the 
polymer are greatly different. When the mixture is strongly 
agitated with a mechanical mixer in order to disperse carbon 
black in the solution, the structure of electrically con- 
ductive carbon black is destroyed, and the volume resistiv- 
ity of the coating film is not lowered while the components 
are dispersed homogeneously. 

in the latter process, in which the viscosity of 
the mixture becomes high during mixing and a homogeneous 
mixture is. hardly obtainable, the viscosity is lowered by 
lowering the concentration of the solution or the amount of 
the added electrically conducting material so that only a 
coating composition which affords a coating film having a 
high volume resistivity is obtained. 

As a result of the extensive study to prepare a 
solvent base electrically conductive coating composition in 
wh ich a larae amount of carbon black or a mixture of carbon 
bl»c* and cr.phif (hereinafter referred to as "electrically 
concluding material") is dispersed homogeneously in a 
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polymer solution, it has now been found that a mixture of a 
homogeneous dispersion of the electrically conducting 
material in an organic solvent prepared with, for example, a 
ball mill and a solution of a polymer in an organic solvent . 
has desired properties. 

According to the present invention, there is 
provided an electrically conductive coating composition 
which comprises (a) a dispersion of carbon black or a. 
mixture of carbon black and grahpite in an organic solvent 
and (b) a solution of a polymer in an organic solvent, the 
viscosity of the composition being higher than those of the 
dispersion (a) and the solution (b) . 

Since the electrically conducting carbon black has 
a great specific surface area and great oil absorption, its 
mixture with the polymer solution has high viscosity and it , 
is hardly possible to obtain a homogeneous dispersion. 
However, in the present invention, the electrically conduct- 
ing material is mixed in the organic solvent in a concent- 
ration of from 5 to 15 % by weight to give a homogeneous 
disoersion having a low viscosity of, for example, about 100 
to 5,000 cp, preferably about 100 to 2,000 cp , and the 
resulting dispersion is easily mixed with the polymer 
solution having a low viscosity of, for example, about 1,000 
to 5,000 cp, preferably about 1,000 to 3,000 cp. Thus, a 
nomoaencous dispersion of the electrically conducting 
mat-rial in the poly.er solution is obtained. When the 
aoitation of the dispersion is continued, the viscosity of 
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the dispersion rises aradually and beco.es. for example, 
, Sou tS.000 to 100.000 cp! preferably about S.000 to ,0,000 
c - which is hiaher than those of. the dispersion U> or the 
^uticn ,b, . The coatin, composition of the invention has 
C00 d stability and may contain a areater amount of the 
electrically conducting material than the conventional ones. 
For example, even when 1. to 200 parts by weicht of the 
electrically conducts materia! to 1.0 parts by weioht of 
t „. oolvmer is contained, the homogeneous coatin, comoosi- 

", m is' easily Prepared. Thus, the volume resistivity of 
. rt e coatin, film formed from the coatin 9 composition of the 

invention is very low. 

carbon blacx as the electrically conduct^ 
serial preferably has DB oil absorption of from 100 to ,00 
nim05 and an averse particle- of from 10 to 0 „. 
Specific examples of carbon blac* is acetylene 

be natural or synthetic crystalline one hav.no a art 
el '. sire of from several micron to some hundred m.cron. 
.-ount of the electrically conducting material to be con- 

e *-v,= <-oatinq composition, 
total weight of the coating . 

Khen th . n ixture of carbon blac* and g raph,te >. 
^ their total amount in the coatinc comoosition as 



follows : 
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Table 1 



Total amount of carbon 
black and graphite in 



Weight ratio of 
carbon black and 



the composition (% by wt . )i graphite lwt./wt.) ; 



; <io 
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■8/2 j 


10 - 


- 20 j 


9/1 - 


- 6/4 


! ■ 

j 20 - 


-30 


8/2 ■ 


- 5/5 
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- 40 . 


7/3 ■ 


- 3/7 


40< 


6/4 • 
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Preferred polymers are f luoroelastomers , urethane 
elastomers and vinyliden fluoride/ tetraf luoroethylene 
copolymers, and the f luoroelastomers are most preferred. 

The f luoroelastomer may be a highly fluorinated 
elastic copolymer, preferably comprising about 40 to 85 % by 
mol of units of vinylidene fluoride and about 60 to 15 % by 
mol of units of at least one of other fluorine-containing 
ethylenically unsaturated monomers copolymerizable 
therewith. As the f luoroelastomer , there may be also used 
any fluorine-containing elastomer bearing iodine on the 
polymer chain, preferably an elastic copolymer which bears 
about 0.001 to 10 % by weight, particularly about 0.01 to 5 
% by weight of iodine, and comprises about 40 to 85 % by mol 
of units of vinylidene fluoride and about 60 to 15 % by mol 
of units of at least one of other fluorine-containing 
ethylenically unsaturated monomers copolymerizable therewith 
(cf. Japanese Patent Publication (unexamined) 
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W. 40543/1977,. specific examples of the fluorine- 
containing .thyl.nie.lly unsaturated mongers as above 
stated are hexaf luoropropylene. pentaf luorcpropylene . 
t-ifluoroethylene, trif iuorochloroethylene , tetrafluoro- 
ethylene, vinyl fluoride, perfluoro (methyl vinyl ether,, 
pe-luor=<ethyl vinyl ether,, perfluoro (propyl vinyl ether,. 
etc . ,,on= various fluoroelastomers . preferred are vinyli- 
«.„. nuorid./hexafluoropropylene copolymer, vinylid.n. 
fl uoride/tetrafluorcethylene/hexafluoropropylene terpolymer. 



etc 



The organic solvent may be a lower alcohol or a 
lc wer ..tone. The specific espies of alcohol are meth- 
anol, ethanol. propanol. ethylene glycol, carbitol and 
cellosolve. The specific examples of Ketone are methyl 
ethyl Ketone, methyl isopropyl Ketone, etc. Tor preparing 
th- disoersion of the electrically conducting material, 
iscphorcne, toluene, xylene, etc. may be also used in order 
to adjust an evaporation rate. 

in addition to the above components, optional 
.dditives such as a surfactant, a curing agent, an acid 
acceptor, and a filler may be added to the coating compos,- 

tion of the invention. 

The surfactant is used mainly when the electn- 
C , U .. conducting material is dispersed in the organic 
solvent iB order to help homogeneous dispersion. The 
«v - any conventional one. The specie 
- ct the surfactant are nomonlc one, .eg. sorbin 



- 7 - 



008541 3 



monooleate, alkylalkylolaraides, etc.), anionic ones (eg. 
sodium salt of lauryl alcohol sulf ate , . etc . ) and cationic 
ones (eg. oxyethylenedodecylamine , etc.). Higher aliphatic 
acid esters (eg. butyl stearate, etc.) may be also effective 
in dispersing the electrically conducting material 
homogeneously. The amount of the surfactant may be from 1 
to 30 % by weight, preferably from 4 to 15 % by weight on 
the basis of the weight of the electrically conducting 
material. 

As the curing agent, an aminosilane compound, an 
amine compound or a mixture thereof may be used. 

Preferred examples of the aminosilane compound 
are Y-aminopropyltriethoxysilane , N-8-aminoethyl-Y-amino- 
propyltrimethoxysilane, N- (trimethoxysilylpropyl) ethylene- 
diamine , N-6-aminoethyl-Y-amino?ropylmethyldimethoxysilane , 
•y-ureidopropyltriethoxysilane, B-aminoethyl-3-aminoethy 1-Y- 
aminopropyltrimethoxysilane, etc. 

Preferred examples of the amine compound are ones 
having at least one terminal amino group directly bonded to 
an aliphatic hydrocarbon group. The specific examples of 
the amino compound include monoamines (e.g. ethylamine, 
propylamine, butylamine, benzylamine, allylamine, 
n-amylamine, ethanolamine) , diamines (e.g. ethylenediamine , 
trimethylenediamine, tetramethy lenedianine , hexamethy lene- 
dianine, 3 , 9-bis ( 3-aminopropyl) -2 , 4 , 3 , 10-tetraoxasniro- 
I5.3]undecane) and polyammes (e.g. diethy lenetrianine , 
triethylenetetraamine, tetrnethy lenepentaamine , penta- 
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ethylenehexaamine) . Among them, those having at least two 
terminal amino groups are particularly preferred. 

The amount of the curing agent may be usually from 
! to 30 parts by weight, preferably from 1 to 20 parts by 
veight to 100 parts by weight of the polymer. When the 
mixture of the aminosilane compound and the amine compound 
is used, the total amount of them may be within the above 
range, the molar ratio of the former to the latter being 
preferably from 1:99 to 90:10. 

The acid acceptor may be any conventional one as 
used in curing the polymer. Examples are oxides and-hydrox- 
ides of divalent metals (e.g. magnesium, calcium, zinc, 
lead). As the filler, there may be exemplified silica, 
clav, diatomaceous earth, talc, etc. 

The coating composition of the invention may be 
ac ,Ued onto a substrate by a conventional procedure (e.g. 
pushing, dipping, graying) and cured at a temperature 
usually of from room temperature to 400'C, preferably of 
from 100 to 400'C for an appropriate period of time to give 

a coating film. 

The present invention will be illustrated in 

detail by the following Examples. 
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Examole 1 

A mixture cf acetylene black, and graphite (100 g, 
7:3 by weight), magnesium oxide (5 g) , methyl isobutyl 
ketone (395 g) and 3 , 9-bis (3-aminopropyl) -2 , 4 , 8 , 10- 
tetraoxaspiro-l5.5]undecane (hereinafter referred to as 
-y-11") (3 g) were mixed in a ball mill for 14 hours to 
obtain a dispersion having a viscosity of 630 cp. 

A vinylidene f luoride/hexaf luoropropylene/tetra- 
fluoroethylene copolymer ("Daiel G-501" manufactured by 
Daikin Kogyo Co., Ltd.) (150 g) was dissolved in methyl 
ethyl ketone (500 g) to obtain a solution having a viscosity 

of 2,500 cp. 

The dispersion and the solution were mixed and 
agitated at high speed. The viscosity rose gradually to 
give a coating composition having a constant viscosity of 
60,000 cp. The composition was coated on a polyester film 
with a doctor blade and dried at 160'C for 30 minutes to 
give an electrically conductive film of about 25 w thick 
having a volume resistivity of 0.060 Gem. 

Example 2 

In the same manner as in Example 1 but usinn 
methvl ethyl ketone (400 g) in place of methyl isobutyl 
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ketone, a aversion having a viscosity of S80 c P was 

prepared. 

ethane rubber P,.nd.x- S 16V manufactured by 
• „„ i„ k ana Chemicals, Inc.) I100 g> «as aissolved in 

... ,400 9) to obtain a solution having a 
cimethylacetamide (400 gl 

viscosity of 2.800 cp. 

Th e dispersion and the solution were mixed and 
agl tated at a high speed to give a coating composition 
h v i n , a viscosity of «.000 cp. In the same manner as in 
sample 1. from the coating composition, an electrically 

tivity of 0.068 Hen was formed. 

r^nrative Example 1 

n^n-s used in Example 1 were added in 
All the ccroponenwS usea 

, b .U-iXX -mthe start and mixed for 18 
composition had a- viscosity of -.000 cp but was not homo 
rlous. . mm formed from the composition had a volume 
resistivity of 0.44 flc». 



Compara 



♦•^rrg T.y. ample 2 



All the compo 



nents used in Examp 



le 1 except th« 



• .nil for 30 minutes, and then 
d with a' twin roll tor 

alvent. In the 
film was formec 



solven t were mixe 

«= ^ieoerscd in the solvent. In tn 
the mixture was di-yersc 



ma 



nner as in Example 1. a coatina 
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dispersion. The volume resistivity of the film was 
0.32 Hem. 

Example 3 

A mixture of furnace black and graphite (150 g, 
4:6 by weight), magnesium oxide (5 g) and methyl ethyl 
ketone (995 g) were mixed in a ball mill for 13 hours to 
obtain a dispersion having a viscosity of 150 ep. 

A fluoroelastomer ("Daiel G-901" manufactured by 
Daikin Kogyo Co., Ltd.) (100 g) was dissolved in methyl 
ethyl ketone (300 g) to obtain a solution having a viscosity 
of 4 ,500 cp. 

The dispersion and the solution were mixed in the 
same manner as in Example 1 to obtain a coating composition 
having a viscosity of 8,000 cp. A mixture of the coating 
composition, V-U (3 g) and methyl ethyl ketone (3 g) was 
formed into a film having a volume resistivity of 0.02 Hem. 

The coating composition was homogeneous although 
it contained 150 parts by weight of the electrically conduc 
ting material to 100 parts by weight of the fluoroelastomer 
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What is claimed is: 

1. An electrically conductive coating composition 
„ hicn comprises (a, a dispersion of carbon black or a 
mixture of carbon black and grahpite in an organic solvent 
and (W a solution of a poller in an organic solvent, the 
viscosity of the composition being higher than those of th. 
dispersion (a) and the solution (b) . 

2. The composition according to claim 1, wherein 
th e concentration of carbon black or the mixture of carbon 
Mac* and graphite in the dispersion <a, is from 5 to 15 % 
by weight, and the viscosity of the dispersion is from 100 
to 5.000 =p. preferably from 100 to 2,000 ep. 

3. The composition according to claim 1. wherein 
carbon black is at least one selected from the ,rou P 
consisting of acetylene black, furnace black, channel black 
and thermal black- 

4 The composition according to claim 1 , "herein 
tb . concentration of the polymer in the solution ,b, is from 
„ to 30 * by weight, and the viscosity of the solution is 
fr « 1.000 to 5.000 CP, preferably from 1,000 to 3,000 ep. 

*ceordinq to claim 1, wherein 
5. The composition according 

^ ,,« t one selected from the group 
the colyraer is at least one 
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consisting of f luoroelastomers , urethane elastomers and 
vinylidene fluoride/ tetraf luoroethylene copolymers. 

6. The composition according to claim 1, wherein 
the viscosity of the composition is higher than 5,000 c P and 
l0 werthan 100,000 cp, preferably from 6,000 to 20,000 cp. 

7. The composition according to claim 1 , wherein 
the weight ratio of carbon black or the mixture of carbon 
black and graphite to the polymer is from 0.1:1 to 1.5:1. 

8. The composition according to claim 1, wherein 
volume resistivity of a film formed from the composition is 
from 0.3 to 0.01 flcm. 

9. The composition according to claim 1, wherein 
the solid content in the composition is from 10 to 40 % by 
weight. 
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© Electrically conductiv. co«tin 9 composition. 

(S\ An eleetrieally conductive coating composition which 
SmirisasTa U dispersion of carbon black or a m.xtur. of 
!Xn "ait and graphite in an organic solvent and (b> a 
,oSn T, irymer in an organic solvent th. vi.cos.ty o 

h^mpo.^ 
^ ,h. .niution <b) being homogeneous and stable, a 
coiir 8 V«e?Lefrom having a low volume r— 

tivity. 
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